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1 
This invention relates to electrical measuring 
apparatus which includes a thermocouple, a ther- 
mopfle or analogous structure for measuring the 
intensity of radiant heat, such for example, as re- 
ceived from a radiant body, and has for an object 
the provision of a structure whose electrical out- 
icut is substantially unaffected by ambient tem- 
perature. Structures of the character to which 
my invention is applicable are hOt only especial]y 
useful in the pyrometry field where it is desired to 
measure temperatures ranging from 300 ° F. fo 
4500 ° t., but also bave utflity generally in devices 
which involve measurement of radiant energy, as 
for example, the measurement of quantities or 
properties of material interposed between the 
structm'e and a source of radiant energy. There 
are many types of such equipment used for deter- 
mination of density, material composition, etc., 
utilizing the transmission characteristies of the 
material to change the radiation received by the 
responsive element from a source. 
In Quereau Reissue Patent 19,564, there is 
disclosed a compensated thermopile in which the 
thermocouples are constructed of iron and con- 
stantan. In accordance with the teachings of 
the Quereau Patent, the tendency of the tem- 
perature-difference to decrease with an increase 
of ambient temperature is compensated for bY 
the rising voltage-temperature characteristic of 
the elements of the thermopile. In order that 
the tendency of the temperature-dLfference to de- 
crease may be compensated by the rising voltage- 
temperature characteristic, Quereau proposed, 
among other things, the lowering of the therraal 
resistance between the hot and cold junctions, 
as by increasing thhe diameter of the thermo- 
couple wires, so that heat could be rapidly re- 
moved by conduction from the hot junctions 
and the target. By this construction, radia- 
tion loss frein the receiver, with resultant low 
ering of its temperature with respect to its 
surroundings, was minimized. In practice, the 
thermocouple wires of the Quereau thermopile 
were one-hundredth of an inch in diameter with 
a target size of one-half inch diameter. One 
difficulty with the thermopile of the Quereau 
type has been the relatively heavy mass of the 
thermocouple wires and the target resultingin 
undesirably low sensitivity and a relatively long 
response rime. Such thermopiles bave been 
round inapplicable to temperature measurements 
in the high-temperature pyrometric field where 
the requirements are short response time and 
high sensitivity. 
In an effort to overcome some of the unde- 
sirable features of the Quereau type of themo- 
pile, it bas been proposed to make thermopiles 
of low heat capacity, low heat conductivity and 
of thermopile materials having a rising voltage- 
temperature characteristic. In most thermopfles 
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o the last-mentioned type, the tendency of. the 
temperature-difference to decrease with an 
crease of ambient temperature is n0t entirely 
compensated ïor by the rising (oltage-temper- 
5 ature characteristic oï the thermopile: Accord- 
ingly, it bas been proposed to connect in parallel. 
with the output terminals of the thermopile 
compensating .coil comprising a resistor having 
a suitable temperatm.e coefficient oï resistivity 
!O to provide the additional c0mpensationneeded 
to correct the thermopil e output for ambient 
temperature.effect.. _ 
In accordance with the present invent0n, it 
has been recognized that a number òï matèrials 
15 ordinarfly used to ïorm therm0couples have posi- 
tive temperature coefficients of heat conductiviy, 
that is, the heat conduction increases with rise 
in temperatm.e leve for the saine temperature- 
difference, and it has been ïurther recognized 
2o that other aterials have egative temperature 
coefficients of conductivity, i. e., the heat con- 
duction decreases with a fise in temperature 
level for the saine temperature-difference.. More 
particularly, Chromel constantan and gold- 
25nickel alloys bave positive temperatm.e coef- 
ficients of c0nductivity, and iron, nickel, copper 
and others bave negative coefficients oï con- 
ductivity. In the compensated thermopfle 
Quereau, the iron and constantan components 
30 of each thermocouple act oppositely because 
the opposite sign of their coefficients of con- 
ductivity. 'The values oï thermal conductivity. 
of constantan and iron and the values of their 
temperature coefficients of thermal conductivity 
5 are such that the net thermal conductivity, 
given equal length and equal 10 mil diameter 
wires oï an lron constantan thermocouple, does 
hOt appear to change with change in ambient 
temperature level over a range as from 18 ° C. 
¢0 to 100 ° C, In thermopiles including elements 
Chromel and constantan alloys, both elements 
bave an increasing conduetivity-temperature 
characteristic which tends to decrease the out- 
put voltage with increasing ambient temperature. 
. Furthermore, the loss oï energy ,ïrom the 
thermopfle receiver through gaseons conduction 
also increases with increasing ambient temper- 
ature, ïurther tending to decrease the output 
voltage. Furthermore, radiation loss from the 
5 thermopile receiver increases with increasing 
ambient temperature, ïurther reducing the out- 
put voltage. The rising voltage- temperature 
characteristic of Chromelconstantan is insuf- 
ficient completely to offset all of these effects, 
5n no marrer what wire dimensions or reeeiver 
dimensions, or gas is used» so that some form 
oï compensator must be used to correct for the 
ambient temperature error of a Chromel-con- 
stantan thermocouple. It is desirable to use 
60 Chromel-constantan ïor thermocouples because 
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of its strength, large thermoelectric effect, low 
thermal conductivity and thermoelectric stabflity. 
In accordance with the present invention it 
bas been round that  Chromel-constantan 
thermopile whose output is independent of 5 
ambient temperature may be produced in several 
ways. In one preferred form of the invention, 
a thermal shunt is provided between the hot 
Junctions and the cold junctions to establish 
a ratio between the total heat lasses and the losses fo 
along the solid conductors frorn the hot junctions 
to the cold junctions to provide a thermopile with 
an invariant voltage output nothwithstanding 
change of ambient temperature. Further in ac- 
cordance with the invention the proper control 15 
of the ratio of the heat losses along the solid 
conductors to the total losseg from the hot 
junctions to the cold junctions will provide am- 
bient temperature-compensated thermopiles. 
For further objects and advantages of the in- 20 
vention and for a more detafled understanding 
of the invention, reference is tobe had to the 
following description taken in conjunction with 
thë accompanying drawings in which: 
Fig. 1 is a sectional view of a radiation pyrom- 25 
eter embodying the invention; 
Fig. 2 diagrammatically illustrates the optical 
system of Fig. i; 
Fig. 3 is a plan view of the part 4 of Fig. i; 
Fig. 4 is a perspective view of the sensitive ele- 30 
ment and associated parts of Fig. 1, greatly en- 
larged; 
Fig. 5 is an enlarged sectional view of the sen- 
sitive element and including its housing, with 
member 4 of Fi'g. 1 secured thereto; 35 
Fig. 6 is a-perspective view of an adjustable 
light trimmer 4{ secured to the shank of a screw 
4 in Fig. 1 which can be locked in flxed position 
by a locking screw 42; 
Fig. 7 is a plan view of a thermopfle assembly 4O 
of a thermopile embodying the invention; and 
Figs. 8, 9 and 10 are plan views respectively of 
further modifications of thermopile assemblies 
embodying the invention. 
Referring to the drawings, the invention in one 45 
form bas been shown applied to the sensitive 
element or thermopile { of a radiation pyrom- 
eter   which includes a suitable optical system. 
ihe optical system of the radiation pyr0meter 
  limits the energy received by the thermopfle 5o 
to that emanating from a sharply defmed area 
of the surface of the hot body and produces a 
radiant energy flux of increased density at the 
sensitive element or detector {} by employing a 
two-mirror optical system which includes the 55 
concave miror 2 and the concave mirror 
There are Combined the energy-concentrating 
property of a wide angle optical element with 
the sharp image-forming property of a narrow 
angle, optical element. In Fig. 1, the narrow 60 
angle, primary mirror 2 produces on a dia- 
phragm 4 an image of the source S, illustrated 
as a section of a refractory wall or other heat- 
radiating body. In Fig. 2 the source Sis repre- 
sented by an arrow S', and the image thereof by 65 
the arrow s'. Radiation from only the sharply 
defmed portion of the source represented by that 
part of£he image s' in front of opening 4a of 
the diaphragm passes through that opening 
to the wide angle secondary mirror 3 which re- i0 
directs and concentrates the received radiation 
upon the thermopile or detector- {}.. The mirror 
$ forms.an image of the opening J4a on the 
target of the thermopile, which image is smaller 
than the target 2, Fig. 3. Due fo the mirror $, 75 

the density of the radiant energy On the target o 
the detector is greater than itis at the opening 
Itis to be ïurther observed that the mirror 
because hot silvered at its central portion, pro- 
vides a transparent opening 2 through which 
there may be viewed through the eyepiece  the 
image s', Fig. 2, projected on the plate 14. Itis 
a feature of the present invention to provide a 
coating of magnesium oxide on the surface of 
plate 4 facing opening or aperture 12a. The 
coating has the following properties: It does hot 
scatter or reflect appreciable radiation in the 
infra-red region where the greater amount of 
radiant energy from hot bodies is located. 
Hence, that surface does hot result in errors due 
to the presence of scattered radiation. Radi- 
ation entering pyrometer   from other than the 
optical line of sight is hot reflected within the 
housing since all interior surfaces are coated 
with a dull black paint except the window, mit- 
tors and the surface coated with magnesium 
oxide. The latter coating provides a visual image 
of the sharply deflned area of the source and, 
hence, provides a means by which the pyrometer 
may be sharply focused. A window 16 is pro- 
vided to protect the interior of the instrument 
from ingress of foreign material. The eyepiece 
, the window 6 and the housing as a whole 
may be sealed for operation of the thermopfle 
under subatmospheric or superatmospheric pres- 
sure. The window 6 may be ruade of quartz or 
other material which wfll pass energy in the 
fra-red region and which will withstand the heat 
to which it may be subjected in use. 
When the thermopile is thermally insulated 
from its surroundings, the transient effects due 
to sudden changes in ambient temperature may 
bereduced. However, the insulated system does 
hOt permit absorbed radiant energy readfly to 
leave the thermoelectric system, with the result 
that the thermopfle can be heated to undesirably 
high operating temperatures if subjected to in- 
tense radiation. In accordance with the present 
invention, the thermopfle is hot thermally iso- 
lated, but nevertheless, its output is hot to any 
substantial extent changed by a rapidly varying 
ambient temperature. This is accomplished by 
adjusting the physical dimensions of the parts 
associated with the cold junctions and the parts 
associated with the hot junctions, so that they 
respond in like manner to changes in ambient 
temperature. More particularly, it wfll be ob- 
served, Fig. 4, that the cold junctions 8 of the 
thermocouples 9 are in intimate heat-conduc- 
tire relation with a metal mounting ring 2{}. 
Though electrically insulated therefron, they 
are thermally intimately connected thereto as 
by a suitable ceramic cernent. The mounting 
ring 2{ may be of any suitable metal such as 
nickel or copper, ihe ring 2{ is thermally con- 
nected to an outer housing 2 , Figs. 1 and 5, 
through three metallic legs 2{a, 2{b and 
which may be integral with the ring 2{, or they 
may be riveted or welded inserts. The copper 
housing 2! and plate 4 form a thermal shield 
completely surrounding the thermopile except 
for the opening 4a which allowsradiation to 
pass to the mirror $. The copper housing 
is in thermal and metallic contact with the dia- 
phragm 4, which is itself preferably ruade-of 
heavy copper, and is along a shoulder of housing 
22 in metallic and thermal contact with it. The 
diaphragm 4, Fig. 3, has three legs 4b spaced 
120 ° apart interconnecting a central supporting 



60,1508 

dsc 14c and the rim of the diaphragm. To 
crease the flow of heat .from the thermopile. 
housing 21: to the pyrometer housing 22, the legs 
|b may-be marie larger, particularly in cross- 
sectional-area. The size of the extensions 20a, 
20b and 20c, Fig. 4, and the thickness of the cop- 
per legs 14b are so proportioned as fo maintain 
the supportlng dise and housing. 2! at substan* 
tial]y ambient temperature. The thermal con- 
duction thns provided iseffective fo achieve the 
foregoing objective when measuring the energy 
in an intense radiation fe]d. 
leferring fo Fig. 5, if is fo be observed the ex- 
tensions 20a, 2{}b and 20c are formed by pins 
having enlarged end-pot%tons which abut against 
the inturned ends. of the housing 2! which 
ceive the threaded ends of screws extending 
through the plate 4. The pins have reduced 
portions which are pressed into openings of the 
ring support 20 of the thermopile, and each pin 
is provided with further reduced end-portions 
bent s]ightly towavd the axis of the housing 
for engaging ai points spaced approximately 120 ° 
apaït the concave face of the mirror 13, a spring 
extension 2e from member 2b engaging the 
back of the mirror ! 3 to press it against the ends 
of the three pins. The spring-carrying member 
2 b issecured to an end-screw 2 la of housing 2 
by a holiow rivet 2c which is preferably pro- 
vided with a block 2d fo prevent entry of radia- 
tion into the housing 2 . It is fo be observed 
that_the openings in plate |4 through which the 
fastening screws extend are ruade somewhat 
larger than the shank of the screws to provide 
for optical adjustment of housing 2! relative fo 
the opening a in plate 4, thus. providing for 
optical adjustment of the illustrated assembly 
with reference fo plate 
With the above undersanding of the elements 
of the radiation pyrometer us far described, 
tention will now be directed fo the thermopfle 
itself, the materials of which if is ruade, the pro- 
portioning of the parts, and the thermal and 
electrical functions of the parts which are best 
shown in the enlarged isometric view of Fig. 4. 
The several thermocou!o]es 9, four of them 
tending diametrica]ly to the right and four- 
the ]eft respectively of the target 2, have heir 
hot unctions intimately in thermal contact with 
the target 2 but electrical]y insulated therefrom. 
More particularly, the target or radiation 
ceiver 2 includes a platinum disc to which is 
secured, as by a ceramic glaze, a dise of mica. 
The hot junctions of thermocouples 9 are se- 
cured to the mica disc in ]ike manner. Prefera- 
bly a small quantity of powdered black ceramic 
materia], known as a frit, is placed on the mica 
disc. Upon application of heat the frit is me]ted 
fo form a fused coating to secure the hot junc- 
tions fo the mica dise and fo provide a black 
radiation-absorbing surface facing the mirror l. 
If is well understood by those skil]ed in the art 
that .tlie electromotive force generated between 
the output conductors 2 and 2] by the eight ther- 
mocouples connected in series-aiding relation 
will vary in magnitude with change in the dif- 
ference between the temperature of the hot junc- 
tions ai the target 2 and the temperature of 
the cold or reference junctions . When no 
radiation from an external source is directed fo 
the hot unction target 2, if is desired that no 
electromotie .force shall appea between output 
conductors 2 and 2. Such a result wfil always 
obtain when he hot junctions and the cold junc-. 
tions are ai the .saine temperaure. However 

those skilled in the art have long been concerned 
with the problem of correcting or e]iminating a. 
voltage output when the thermopile is subjected 
fo a sudden change in ambienttemperature which 
5 produces a difference in temperature between 
the .hot junctions and the cold junctions. More 
particularly, if the temperature of the cold junc- 
tions should sudden]y fise above or fall beiow 
the temperature of the. hot junctions, there will 
lo be produced, a corresponding or appreciable 
change in electromotive force, which change may 
disappear when conditions equalize. However, if 
the temperature of the instrument is maintained 
ai a level different from that of other objects 
5 its vicinitY, for examp]e, ifit is partial]y in con- 
tact with a cold surface and partiall in contact 
with a hot surface, there will-be a continuous 
flow of heat through the instrument, which can- 
produce a sustained output signa], if the cold and 
2 hot junctions are hot on the saine isothermal. 
From the foregoing it will be understood that 
transient error as wel] as a sustained error may 
be introduced even when no radiation, from 
hot body is incident on the hot junction target 
£5 or receiver 25. The foregoing factors do not ad- 
verse]y affect operation of the pyrometers dis- 
closed herein by reason of the structural pro- 
visions including ring 20, its pins 20a--20c, hous-- 
ing 22, and plate 24. 
30 When a thermopile is receiving radiation at 
constan rate and has reached a condition of 
equilibrium, its hot junction target will be los- 
ing heat at exactly the same rae as if is receiv- 
ing it. Accordingly, the manner in which the 
. hot junction target loses heat is of prime 
portance. There are three modes or chamets of 
hea-loss: (1) gaseous, by conduction and. con« 
rection,; (2) conduction» through solid materials, 
such as the thermocouple elements themselves; 
40. and () reradiation, from the -target to the wails 
of .the .enclosing cavity a.d through thewindow 
r opening 
The foregoing ma, be mathematically stated 
for a condition of equilibrium as follows: 
45 Er--Lç-{-Ls-{-Lr (1) 
where 
E,=rdiant energy input to the target 
La=gaseous losses 
50 L=solid conductionlosses 
Lr=radiation ]osses 
Both the gaseous losses and the solid conduc.tion 
losses follow Newton's law of cooling, that is, the 
rate of each loss is proportional fo the tempera- 
65 turedifference; in the one case proportional fo 
the temperature-difference between the target 
and the atmosphere within the thermopi]e hous- 
ing 2! which is substantia]ly ai the temperature 
of the cold junctions and at ambient temperature 
60 in general because of the action of the copper 
enclosure 2! and its heat-conducting mounting; 
and in %he other case propartional fo the rem- 
perature-difference between the hot junction tar- 
get 2 and the ring 2{} which likewise is main- 
65 tained substantially ai ambient temperature by 
means of the restricted heat-conducting mount- 
ing including projections or legs 2{}a, 2{}b and 
and legs 14b. While the radiation loss is in 
cordance with the itefan-Boltzman law, the 
0 usual range of temperature-difference between 
the hot junctions and the cold junctions is gen- 
erally below 60% and the fraction of loss by radi- 
ation is small. Accordingly, radiation ]oss can be 
approximated by Newton's law of cooling instead 
 of taking into accourir the differenCe between the 
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fourth powers of the respective hot and cold 
junction temperatures. 
Two other factors are of importance in ther- 
mopiles particularly adapted to pyrometric tem- 
perature measurement. First, the sensitivity 5 
should .be high. For greater sensitivity, there 
should be minimized the rate of transfer or loss 
of heat from the hot junction target 2. Sec- 
ondly, the speed of response should be high. 
Since this will depend upon the rime required 10 
ïor the hot junction target 2 to attain its final 
temperature, itis desirable to reduce its heat 
capacity. This is done by reducing its thermal 
mass. 
The thermocouple wiris ari silictid for high 15 
thermoelectric power, resistance to oxidation, 
uniformity of drawing and the constancy and 
reproducibility of their thermoelectric power 
characteristic. Thermocouples oï Chromel and 
constantan alloys meet the foregoing require- 20 
ments, and ivin for small sizes, bave adequate 
strength. The slope of their temperature-elec- 
tromotive force curve increases with increasing 
temperature. Heretofore, it bas been necessary 
with Chromel-constantan thermocouples to uti- 25 
lize a compinsating coil connected across the out- 
put wires of the thermopile in order completely 
to compensate ïor change in ambiint tempera- 
ture. With a compensating coil arrangement, 
the operation of the thermopile is conveted from 30 
an electromotive force measurement to a current 
measurement, that is, the drop of potential 
through the compensating coil is measured rath- 
er than the electromotive force of the thermo- 
pile. In contrast, in accordance with the present 35 
invention, the electromotive force of the thermo- 
pile is measured; and when there is zero tem- 
perature-difference between the hot junctions 
and the cold junctions, there is zero output 
across the output conductors; and when the out- 0 
put electromotive force is balanced by an equal 
electromotive force from a potentiometer circuit, 
there is zero current-fiow in the circuit. 
In accordance with the present invention, the 
thermopile is completely compensated for change 45 
in ambient temperature without the use of a 
compensating coil by control oï the fiow oï heat 
between the hot and cold junctions. In accord- 
ance with one form of the present invention, 
there is utilized one or more Chromel-constantan 0 
thermocouples. The Chromel alloy and the con- 
stantan alloy have positive temperature coeffi- 
cients of thermal conductivity, that is, as the 
temperature of each increases, it becomes a bet- 
ter conductor of heat; whereas, iron, nickel and, 55 
in fact, most pure metals bave negative temper- 
ature coefiïcients of thermal conductivity, that is, 
as their temperatures increase, thêy become 
poorer conductors of heat. Accordingly, it will 
be seen that with a Chromel-constantan thermo- 60 
couple, a rise in ambient temperature causes a 
decreased rise in the temperature of the hot 
junctions over that of the cold junctions because 
of an increase in the conduction of heat by both 
the Chromel and the constantan. This decreased 65 
rise in the hot junction temperature relative to 
the cold junction temperature will develop with 
rising ambient temperatures, whereas in the case 
of thermocouples including elements of copper, 
iron or other relatively high heat-conducting ele- 70 
ments in combination with antimony, the effect 
will be to decrease the heat-fiow from the hot 
junction, and the hot junction temperature will 
fise faster than the cold junction temperature. 
In one form of the present invention the fully 75 

8 
compensated thermopile is provided by the ther- 
mal shunt 28 which modifies and controls the 
fiow of heat in such manner as to make the op- 
eration of the thermopile substantially inde- 
pendent of ambient temperature change. Thus, 
there is avoided the need of a compensating coil 
connected across the output conductors of the 
thermopile with its consequent disadvantages. 
The thermal shunt functions independently of 
the electrical components and yet by its fiow- 
control of heat modifies the output of the elec- 
trical components in compensation for changes 
in the ambient temperature and the like. 
In the absence of a compensating coil and of 
a thermal shunt, the effect of the positive tem- 
peratm'e coefficient of heat conductivity, both for 
air and for the solid conductors, will be to 
crease the relative amount of fiow of heat from 
the hot junction region 2 to the cold junction 
region 18 with rise of ambient temperature. 
Such a disproportionate rise in thermal conduc- 
tivity means that the actual temperature of the 
target 2 will be somewhat less than it should be 
in order to maintain the necessary difference be- 
tween the hot and cold junctions necessary to 
produce the desired electromotive force. How- 
ever, by adding the thermal shunt formed by the 
nickel wire 28, the thermal" impedance as the 
ambient temperature rises does hot decrease as 
much as before its addition. Accordingly, the 
temperature rise of the hot junction area formed 
by the target 2 will be more nearly in keeping 
with ambient temperature rise than it would oth- 
erwise be with only positive coefficient paths, be- 
cause of the proportionately less loss of heat 
through the nickel at the higher temperatures. 
AccordinglYi the electromotive force output will 
be higher. It is in this way that compensation 
is providid since it is only necessary relatively 
to proportion the sizes of the Chromel and con- 
stantan wires, with respect to the size of the wire 
28 forming the thermal shunt. 
While dimensions and detail disign spiciflca- 
tions will heriinafter be presented for typical 
modifications of the invention, an explanation 
will now be given of underlying theory and a 
procedure by means of which the Invention may 
be applied to .a wide range of materials with 
either positiveur nigative coefficients of heat con- 
ductivity, and by means of which fully compen- 
sated thermopilis may bi produced in the ab- 
sence of a separate element forming the thermal 
shunt, such thermocouples including equivalent 
hiat-conduction paths formed by elements of the 
thmTnocouples themselves. 
The equilibrium equation for the thermopfle 
bas already been expressed as. follows: 
Er=Lç.÷ Ls÷ Lr (I) 
if is well known that within the temperature 
range of 0 « C. to 900 ° C. the conduction of heat 
over the solid paths, as through the thermocouple 
elements, and the conduction of heat through the 
atmosphere can be represented by Newton's law 
of cooling which states that the magnitude of the 
conducted heat energy between any two points in 
a thermal system is dependent upon the tem- 
perature-difference between said two points. It is 
also well known that the thermal conductivity 
over the foregoing temperature range of most 
gases or solids varies in a linear fashion with 
change in temperature level. It is also well es- 
tablished that radiation 10ss follows Newton's 
]aw and the linear variation of thermal heat ex- 
changefor small temperature-differences, pro- 
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9 
vided the magnitude of the radiation loss is small 
with respect fo the solid conduction losses and 
with respect to the gaseous conduction losses. 
Accordingly, any term on the righthand side of 
Equation 1 can be written in the form: 
L=M(I÷T) A (2) 
where 
L=component loss 
M=thermal conduction of the material of the 
particular path 
m=temperature coefficient of thermal conduc- 

l0 
of 33. Using the data at the higher level in 
Equation 5: 
36=A÷100C 
o1" 
36=33÷100C 
and 
C=0.03 
By combining Equations 3 and 4, an expression 
10 for AV can be obtained: 
AV= N(A+CT)E 
G(l+gT) + S(I+sT) ÷R(l+rT) 

(6) 

tivity A condition for AV to be independent of changes 
T=ambient temperature above an arbitrary ref- 15 in ambient temperature (i. e., the Value of T) 
erence level can be mathematically expressed by the equation: 

At=temperature-difference between the two 
points of conduction 
and substituting equivalent terres in Equation 1, 
if may be written: 20 
Er=[G(I÷gT) -{-S(I÷sT) ÷R(I÷rT) ]AT (3) 
whero 
G----gas loss factor involving receiver area, di- 25 
mensions of housing and physlcal properties of 
the gas in the housing 
g=temperature coefficient of gas loss 
S=solid conduction factor involving length, cross- 
sectional area and specific heat conductivity 3O 
of solid supports of the receiver 
s=temperature coefficient of solid conductivity 
/=radiation loss factor 
r=temperature coefficient of radiation loss 
AT=temperature-difference between the hot and 35 
cold junctions 
The voltage developed by a thermopile due fo 
ambient temperature change may be expressed in 
terres of temperature-difference between the hot 40 
and cold junctions in a form similar fo Equation 
2, namely: 
AV=N(A ÷CT) AT (4) 
whero 45 
A and C are temperature-voltage constants de- 
pending on the materials which make up the 
thermocouples, and 
N represents the number of thermocouples. 
5O 
The constants A and C may be determined from 
the thermo-electric power characteristics of the 
thermocouple materials used, in the example 
Chromel and constantan, as expressed by the 
equation: 55 
AV= (A÷CT) T (5) 
where 
AV=the voltage change for a small change in 
temperature, AT, and is generally expressed in 60 
microvolts, and 
T=the ambient temperature above the reference 
level hereinbefore referred fo. 
More partictflarly, at the reference level oï 60 ° F., 65 
which for purposes of calculation may be taken 
as To, or T0, the output AV may be taken as a 
zero reading. For a change, a rise in tempera- 
ture of one degree, the output will increase by 
thirty-three microvolts. For temperatures of one 70 
hundred degrees and of one hundred and one 
degrees, above the reference level, the outputs 
AV will be 3450 and 3486, a difference of thirty- 
six microvolts. Hence, using the data at the 
reference level A will be found to have a value 

dAV 
-3-= (7) 
Performing the mathematical operation upon 
Equation 6 indicated by Equation 7, there results, 
when 
dAV ^ 
C Gg÷Ss÷Rr 
0 =- G+S+R (8) 
and transposing and inverting: 
A G+S+R 
C=Gg ÷ Ss ÷ Rr (8a) 
If is seen from Equation 8 that a thermopile 
will be ambient temperature-independent if bhe 
physical dimensions and/or physical :constants of 
the materials of the thermopile bave the proper 
values fo satisfy the conditions set forth by Equa- 
tion 8. In accordance with the present inven- 
tion, there wfll be hereafter disclosed the physical 
dimensions and/or physical constants which will 
satisfy the conditions set forth by Equation 8. 
The six unknown .constants may be determined 
by solving six simultaneous equations of the gen- 
eral type of Equation 6 already set forth, and 
which are as follows: 
4. NAE 
V«=G ( 6a ) 
AVaG(1 ÷ lOOg) N( A ÷ 100C)E 
÷S(l÷lOOs)÷R(l÷lOOr) (6b) 
 NAE 
N(A÷ 100C)En 
Vd=((l÷lOOs)÷R(l÷lOOr) (6d) 
V«=GAE 
S÷2R (6e) 
N(A ÷ 100C)En 
AV----G(I÷IOOg)÷S(I÷IOOs)÷2R (6f) 
For the several measurements of the voltage 
output of the thermopile a radiant input signal 
of known and constant intensity will be applied 
to the target of the thermopfle. The measure- 
ment for Equation 6a will be ruade with the 
ambient temperature at a reîerence level of 60 ° 
F. If will be recalled that only the radiation- 
receiving face of the receiver or target 2 isblack- 
ened by the fused ceramic frit and, thus, the first 
measurement for Equation 6a will be marie with- 
ou change in structure. 
ïhe voltage output of the thermopile will then 
determine the magnitude of the terre AVa Of 
Equation 6a. 
For Equation 6b the ambient témperature wil 
75 be increased 100 ° F. fo a new temperature of 160 ° 
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F. and a new voltage output obtained which will 
determine the value of AVb. 
The radiation receiver or target 25 will then be 
evacuated in conventional manner, the housing 
for the pyrometer already having been described 
as Capable of being sealed for subatmospheric 
operation. For this measurement, the pressure 
should be less than one ten-millionths of an at- 
mosphere. There will then be obtained AVc of 
Equation 6c, for an ambient temperature at.the 
reference level of 60 ° F. 
For Equation 6 the saine measurement will 
be repeated with the thermopile under the saine 
vacuum, but with an ambient temperature 100 ° 
F..ab0ve the reference level for determination 
of 
The other face of the target or radiation 
ceiver 25 will then be blackened, and with both 
faces thereof black, measurements are made at 
the reference level of 60 ° F. and 100 ° F. there- 
above, as at 160 ° F., for determination respec- 
tively of AVe and AVï of Equations 6e and 6]. 
Since ER in each of the six Equations 6a to 6] 
is known, the six simultaneous equations now 
contain only six unknowns, namely G, S, R, g, s, r, 
which can be determined by simultaneous solu- 
tion. 
It wfll now be assumed that a thermopile of 
suitable construction bas been tested and the 
values oï {3, S, 1, g, s and r determined. It will 
be further assumed that the thermopile is not 
compensated, i. e., its output varies with change 
in ambient temperature. It will be recalled that 
ïor ambient temperature-independence, Equation 
8 must be satisfied. In accordance with the 
present invention, Equation 8 may be satisfied 
by. adding to the thermopile, a thermal shunt. 
Further assuming that C and A have been deter- 
mined for the thermopfle in question, the addi- 
tion of the thermal shunt of conductance S' and 
coeEficient of thermal ,conductivity s' of proper 
sign and known value will supply terres to Equa- 
tion 8 which wfll meet its requirements, for 
ample, 
C Gg-J-s-Rr-'s' (9) 
o= ++R+' 
Since the only unknown in Equation 9 is S' 
(s' being known for the selected material), it can 
be ascertained. The resultant conductance S' 
related to the dimensimoEs of the thermal shunt 
of one or more paths and to its conductivity, that 
is to say: 
, NPA (10) 
where 
N=number of shunt paths 
Pconductivity of the material thermal shunt 
A.cross-sctional area of each shunt path 
Llength of one shunt path 
Accordingly, the dimensions of the thermal shunt 
may be readily ascertained. 
Pursuant to the foregoing, the thermopile in 
Figs. 1-5 was provided with a thermal shunt 
ïormed by a nickel wire of .005 inch in diameter, 
the Chromel-,constantan wires each being ruade 
.of wire 2 mils in diameter fiattened to 1 mil 
thickness. The larger diameter of the pins 2}a, 
2{}b and 20c extending from the ring 21} was .049 
inch, the length thereof from the ring to the plate 
4 being .106 inch. It is to be observed there is 
an air space between the ring 20 and the heat- 
conductive housing 2, and between the pins 
20a--20c of that housing. Thus, substantially 
all of the heat fiow is limited from the ring 
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through the solid heat-conduction paths provided 
by the enlarged ends of pins 21}a--21}c. Though 
. the diameter or cross-sectional area of pins 
2i}a--21}c can be varied to some extent, it is de- 
5 sirable fo have its dimensions of the saine order 
as those hereinset forth in relation to the other 
dimensioning of the associated parts. Thus, the 
provision of the restricted heat-conducting paths 
provided by pins 20a--20c, together with the high 
10 heat-conductivity housing 2 including its high 
heat-condu.ctivity enclosure 2 a, has bee found 
to minimize and to overcome substantially en- 
tirely rapid or transient effects of the ,change in 
ambient temperature, more particularly to pre- 
15 vent the appearance of transient voltages at the 
output of the thermopile due to such rapid 
changes. 
In this connection it is to be observed that 
the housing 2 is conductively related to the 
20 outer housing 22 through its heat-conductive 
association with the plate . Reference to the 
dimensioning of the spokes thereoï has already 
been referred to, and it will be recalled that they 
provide heat-conductive paths between the hous- 
25. ing 2 and the outer housing 22, and thereby 
limit or make lower the fise of temperature of 
the housing 2 and the associated assembly 
when the pyrometer is subjected to an intense 
radiation field.- Because of the phYsical con- 
30 struction referred to, the spokes of the plate 
4 may be ruade larger than would otherwise 
be the case to provide better heat-conducting 
paths. The thiclçuess of the housing-2 is de- 
termined in relation to the diameter of the pins 
35 21}a-20c and the dimensioning of the ring 
Since the effect upon the thermopile and the 
function thereof in avoidance 0f transient volt- 
ages due to rapidly varying changes in ambient 
tbmperature is dependent upon the interrelation 
40 of these parts, it is to be understood that they 
may be varied so that different dimensions can 
be utilized for each, other than those in a typical 
embodiment where the housing 2 was ruade of 
copper of .025 inch thickness, the ring 2} of .049 
45 inch radially and .094 inch axially. More par- 
ticularly, if the thickness of housing 2 be 
creased, the diameter of the legs 21}a-2}c will be 
increased, or they may remain the saine diameter, 
in which case the thermal capacity of the ring 
50 20 will be decreased as by axially shortening it 
or making it of less radial thickness, or the mate- 
rials may be selected in terres of their relative 
heat conductivity and heat caPacity. 
It is believed it will now be helpful to present 
55 a numerical example which will be done in terres 
of the modification of Fig. 8; constructional de- 
tails of which will be later presented and which 
comprises eight Chromel-constantan thermo- 
couples of 3-mil diameter wire size. The con- 
60 stants {3, S, R, g, s, r, C and A, determined as 
above indicated are as follows: 
G= 129 microwatts per degree F. 
S 129 microwatts per degree F. 
R5.3 microwatts per degree F. 
65 g.0009 microwatt per degree per degree F. 
s=.002 microwatt per degree per degree F. 
r:.005 microwatt per degree per degree F. 
E.0009 microwatt per degree F. 
0 Inasmuch as the Chromel-constantan thermo- 
pile will not be compensated, it will be assumed 
that copper will be selected for the thermal 
shunt. Accordingly, 
75 '--.0000 microwatt per degree per degree F. 
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The foregoing values may be inserted in Equa- 
tion .9 since that equation expresses the condi- 
tions vhich must be met to provide a thermo- 
pile whose.output wilI not vary with change in 
ambient temperature. The only unknown from 
Equation 9 will be S'. Solving Equation 9 for the 
value of S', there will be obtalned: 
3":174 microwatts per degree F. 
Itis now only necessary tosubstitute the value 10 
of S' in Equation 10 since it can be arbitrarily 
decided that four thermal shunt paths will be 
provided, l..e., N:4, the conductivity of thecop- 
per from which it bas been decided to construct 
the thermal shunt being known, i. e., P:4.8 watts 15 
per square inch per inch per degree F., and the 
length of .each shunt path being known, since 
it wfll be the distance between the hot and cold 
junctions of each thermocouple, specifically .25 
inch. Accordingly, solving Equation 10 for A, 20 
thearea, there will be obtalned: 
A=2.3× 10 -6 squa.re inches 
this corresponding with a wire size .of 1.7 mils 
diameter. ]: practice, it has been round that 
.thermal shunt of 2 mil diameter is highly stis- 
faCtory and avoiding any change upon the output 
of the thermocouple due to change in ambient 
 temperature between the range of 60 ° F. and 1,60 ° 
.F. Thus, there is close correlation between the 30 
mathematical explanation of the underlying 
theory and the experimental verification thereof. 
In terres of Fig. 1, and further substantiating 
the underlying theory Of the present invention, 
the constants applicable to the thermopile of 35 
Fîgs. 1-5 comprising the eight thermocouples, 
each of Chromel-constantan flattened 2-mil 
wires, the constants G, 1, g, s, r and 
C 
A 4O 
,-ill be the saine as set forth above. Constant 
 will be equal to 57 microwatts per degree F. 
In accordance with the invention, the use of 
a nickel shunt wfll be preferred irasmuch as 
it bas-a more negative temperature coefficient 
of conduction than the copper and, hence, will 
adequatety perform its corrective function with 
a smaller conducting factor and, thus, there will 
be less loss of heat due to the provision of the 
thermal shunt. Accordingly, the constant s" 50 
for the-nickel shunt wll be equa! to 
microwatt per degree per degree F. In accorc- 
ance-with Equation 9, S' may be determined 
tobe 77.3 microwatts per degree F. 
As indicated in Figs. 1-5, there will be two 55 
shunt paths each having a length of .25 inch, 
and the specific conductivity of the nickel wi!t 
be equal to .746 watt per sq. inch per inch per 
degree F. Solving Equation 10, for the area A, 
there-will be obtalned a value of 12.2)< 10-6 square 6o 
inches, this com'esponding with the nickel shunt 
of approximateIy  mi!s diameters. In practice, 
a 5 mi.1 diameter nickel shunt was found fu]]y 
to compensate the thermopïle or to provide a 
vottgeoutput independent of change in ambient 65 
Zemperature 
Apply2ng the foregoing a.nalysiS to thé modifi- 
cation, of Fig. 7, the calculations indicated an 
area for .the thermal shu_t equal te 4.2 x 
square inches. In practice tlis s:rea was providecI 70 
by using two 2-mil nickel shunts and two 1-mil 
nckel shunts, the cros-sectional sïrea of the 
nlckeI shunts being 3.9 x 0 -s square inches, thus 
shoving a further confirmation of the theoreti- 
cal basis for the present invention. 75 
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It will be recalled that a greater sensitivity of 
the thermopile is obtained by reducing the trans- 
fer or loss oî heat from the hot junction area or 
target 25. A thermopiIe which bas high sen- 
sitivity wfll ordinarily comprise conductorshv- 
ing smal] cross-sectional areas, and later exam- 
ples will be given of thermopiles constructed of 
wires of 1-mil diameter and less. After selection 
of the small diameter wires for high sensitivity 
and .after decision as to the materials fo yield 
high thermoelectric power for maximum output 
of the thermopile, the conditions set forth by 
Equation 8 provide for the further dimensioning 
of the wires of the conductors included in the 
thermopile to provide the ambient-free retapera- 
turc characteristics. It wfll be observed that 
Equation 8 shows the ratio of the sure of the re- 
spective heat loss factors (G÷S÷_) to the sure 
of the respective products of the heat loss fac- 
tors and the respective terperature coefiicients 
of thermal conductivity (Gg-Ss-_r) is equl t0, 
or shall ai least approximate equality with, the 
ratio of the temperature-voltage constant A to 
the temperature-voltage constant C, which con- 
stants are, of course, defined by Equation 5. 
For some applications, the speed of response 
of the thermopfle of the modification of Figs. 
I-5 may be higher than desired. In such event, 
additonal discs may be attached to the target 
25 to add thermal mass. However, for thermo- 
pries of greater speeds of response than of the 
type shown in .Figs. 1-6, the rodification of Fig.7 
may be utilized where the speed of response wilt 
be grealy increased over that of the earlier mod- 
ification. As shown in Fig. 7, a wire  of Chro- 
mel al]oy one ril in thickness fiattened to one- 
ha]f mil in diameter, is brazed or spot welded to 
a smal! target or radiation receiver 2a of nickel, 
one-tenth mi] in thickness and square twenty 
mi]s on a side. 
The opposite end of the wire  is spot welded 
to the end of conductor-2S which is itself secured 
to the face of ring 2 by a ceramic frit in man- 
er d.scribed in conn.eckion with Fig. 1. The 
other element of the thermocouple comprises 
the wire ¢9a of constantan likewise comprising 
a wlre fla,tened to one-liatf mil ïrom an original 
¢liameter of che mil. -Che end is spot .wekIed 
the target 2,a and the other end spot welded fo 
the conductor 27 whiCh is similarly sect_red 
the face of rng 2 by a ceramic frit. 
!n accordace wït:h tb i']»vention as already 
cxpls:iïzed, çt]ere is previed a thermal shunt 
"#hich achieves opel'aion of the radiation-respon 
svedvice unaffected by change in ambient tem- 
pérature.!. /ih a rin 2 of :2567 inch in di- 
ameter, the saine as for the modification of FoEgs. 
.-5-,. h-e t.l,ern»al sh.mt comprises two conduc- 
tire p.aths , 28 formed by a sngle nickeI wire 
two toits i,a diameter and extending diametrically 
ucross ring 2} with the certraI portion thereof 
spot welded to taret . The thermal shunt 
aise iïclu'es conductive paths $a, Sa formed 
by 'a secnd ire oï nickel che. miI in diameter 
and-smfiarlF extending diametrical]y across ring 
 wi:h tle micI-Fortton spot welded to target 
Since hm-e is provided we]ded construction- af 
the target. 2a the ends of the wires forming the 
heat-coï_du.ctive pat.hs are secure to the upper 
face ofing . in intimate and good heat-ex- 
chnging relation theew£th by the ceramic Srit 
which likewise provdes electrical insulati0n 
tweer the w!res and the ring. 2{}. Though the 
ends of the wires 28 and 2a could be secu.ed in 
etectriclly gonductive relakion to ring {}: he 
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insulated arrangement is preferred in order not 
electrically fo ground any part of the sensitive 
element of the heat-responsive device. Such a 
heat-responsive or radiation-responsive device 
has been round satisfactorily fo function with 
an output independent oï an ambient tempera- 
ture which changes within the range oï ïrom 60 ° 
i. fo 160 ° i. 
By providing the thermocouple elements 19 and 
19a of relatively small cross-sectional area, great- 
er sensitivity is achieved since for a given inten- 
sity of radiation applied fo the target 25a the 
fise in temperature of the hot junctions will be 
greater due to less conduction of heat therefrom. 
Since both the Chromel and constantan wires 
bave large positive temperature coeflcients of 
heat conductivity, any fise in their ternperature 
as by change in the ambient, increases their heat 
conductivity and tends fo increase the effective- 
ness of the heat path. However, ,because of the 
small diameter of each wire the elTect is of a 
order, much less than if would be if the wires 
were of three mil diameter since there is a high 
thermal irnpedance established by the small 
cross-sectional area of each path. Accordingly, 
if will be seen that the degree of compensation 
needed will be correspondingly less and, there- 
fore, the thermal shunts provided by the wires 28 
and 28, which are needed, are oZ srnall cross- 
sectional area and there is a relatively small 
transfer of heat through the thermal paths 
which means that there is a relatively small 
loss of sensitivity by reason of the inclusion of 
the thermal shunts. 
A heat-responsive devic of the type shown in 
lig. 7 bas aiso been constructed utilizing 
Chromel-constantan wires of one-half mil di- 
ameter fiattened fo approxirnately one-quarter 
mil thickness. In accordance with the present 
invention, a thermal shunt of a single wire, such 
as the wire 28 of Fg. 7, of nickel, of two mil di- 
ameter bas been round satisfactory in producing 
an output which is independent of change in 
ambient temperature through the aforesaid 
range. 
Referring fo Fig. 8, the ring 2@ is ruade some- 
what larger than the corresponding ring of earlier 
modifications and in lig. ,8 the ring 25 is made of 
constantan. 
Extending radially from a central target 2§ are 
a plurality of constantan wires §{} which are 
attached at their opposite ends fo the ring and 
fo the target as by a ceramic frit in manner 
already described. There is welded fo the inner 
end of each constantan wire 5{} an end of Chromel 
wires §I which are respectively soldered ai their 
opposite ends fo the constantan wires §{} ai points 
spaced inwardly from the ring 25, each Chromel 
wire being of course connected atone end fo one 
radial wire and ai the opposite end to the ad- 
jacent radial wire of constantan. The soldered 
connections ai the outer ends of constantan wires 
§I are made relatively massive as by using a 
ïairly large drop of solder fo assure good heat 
dissipation from the cold junctions formed there- 
by. A lead wire §2 is soldered to a constantan 
wire §{}« which forms a part of a thermocouple 
with the adjacent Chromel wire § I. Similarly, 
the other lead wire 53 is soldered fo a Chromel 
wire 51« which joins the adjacent radially ex- 
tending constantan wire 5{} fo form another ther- 
mocouple assembly. The soldered connections 
of the leads §2 and §3, oï course, forma cold 
junction. 
Pursuant fo the present invention, with 
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Chromel-constantan wires of three mil diameter 
the output of the thermopile may be made inde- 
pendent of change in ambient temperature by 
providing in manner already described four 
thermal shunts 54, 5§, §{} and 5] each formed 
by copper wire of two mil diameter. These 
thermal shunts form heat-conduction paths 
tween the receiver 2{} and alternate cold junc- 
tions of the thermopile. 
10 Referring fo Fig. 9, the ring 2{} may correspond 
with the similarly numbered ring of the modi- 
fication of Figs. 1-5. In this modification of 
the invention, radially extending thermocouple 
elements {}{} are formed by constantan wires of 
15 three mil diameter. They are secured to the 
target 25 in the saine manner as described in 
connection with Fig. 8 with their opposite ends 
secured fo the ring 2{} by ceramic frits. 
In Fig. 9 there are four wires {}1 of Chromel 
20 each three miis in diameter, and there are four 
wires {}{} of copper of two miis diameter. Hence, 
if will be seen that there are heat-conduction 
paths between the hot junction of the target 
2{} and the cold junction of ring 2{} through three 
25 differing materials; that.is through the Chromel 
wires, the constantan wires and the copper wires. 
In accordance with the invention, there has been 
combined in the modification of Fig. 9 the func- 
tion of the thermal shunt with wires forming a 
30 part of the electrical system of the thermopile. 
That is fo say, the addition of the copper wire 
fo the Chromel-constantan combination provides 
the heat-conducting paths which result in an 
output of the thermopile independent of change 
35 of ambient temperature over the aforesaid range 
of from 60 ° E. fo 160 ° 1. without the need to pro- 
vide thermal paths separate and independent 
from the electrical network. The underlying 
theory applicable fo Fig. 9 which has already 
40 been set forth af length is equally applicable fo 
the modification of Fig. 9, the copper wires then 
being considered as the paths providing the 
thermal shunt referred fo in said theory. 
Reference has already been made to the fact 
that by decreasing the diameter of the wires 
45 forming each thermocouple, the impedance of 
the heat-conducting path therethrough is greatly 
increased. If the wires are ruade quite small, the 
impedance will limit to a negligible degree the 
amount of heat which may be conducted there- 
5O through. Stated differently, the heat losses due 
fo heat conduction thr0ugh the wires will then 
be of minor importance compared with the 
gaseous losses. If the thermopile be constructed 
of fine wires such as eight two-mil diameter 
55 copper-constantan thermocouples, there will be 
over-compensation because most of the heat will 
then fiow through the copper, having a tempera- 
ture coefficient of conductivity of negative sign. 
That is fo saY, the output, with change in ambient 
6O temperature of such a thermopile, will increase 
with increase in ambient temperature. In ac- 
cordance with the present invention, the thermo- 
pile of Fig. 9 will be fully compensated by utiliz- 
ing constantan wires 55, each of three-tenths mil 
65 diameter, and using all associated thermocouple 
wires of copper of three-tenths mil diameter, the 
copper providing the thermal-shunt corrective 
action. If finer wires than the three-tenth mil 
diameter were used the output voltage will de- 
70 crease with increase of ambient temperature. 
The thermal shunt or equivalent heat-con- 
ducting path will be equally effective for thermo- 
piles where the gaseous losses are of major 
magnitude. The gaseous losses increase with 
75 rising ambient temperature and, hence; the con- 
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ductive path by the therrna] shu.nt will be i.n the 
opposite direction. 
leferring to the nodificabion of Fig. 0, i will 
be observed there is-proçied a rg 0 and 
there extend across .he rff a pturali-ty o ther- 
mocoup]e e!emens  weh, in conjcion wi-h 
he .diagonallF exend -themocoup]e .elements 
, form d-iEeçentia]]F cen-¢ted -]ermöcoup]es. 
t  to sa-y, the .d.iagonl]y etending etements 
6 e sec-m' .to the .ements 6-i- and as -bY a l0 
ceamic .frit fo an .unelqag .a-ret .er radiat-ion 
 eceier 6 whee -çhe oppesite ends of .said 
diaotly-extend w-es are ]ikewise secured 
te adjacent wir.es :6:1 an y a ceramc ,frit to 
second ta-rge or ¢.ition receiver . Lead 
wh,-$ and-66 a-re .cennected fo e ou.temost 
wes 6-1, a voltage aearg cross -the eu-tut of 
the thermoi]e wheneverthe -temperature ;ef t-he 
junctions a farget 6 differs rom .the .temera- 
ture of-the juctiens -t he ta:rget-6. .In order 
to make the otput vo]tae across the-]eds 65 
and 66 independent of change-in ambrent tem- 
eratu.re there .can ,be provided  ccordance 
with the presen i-n-venfion therma.] shunts-6T 
a-nd ', therma]ly 'tercoecfing the targe 
-and-6, the thermal 'conduction factor of the 
thermal shunting pat 6Tand 68 bein eter- 
-mined in genera]]y the saine maaner as above 
set forth. 
tt  a]so to'be'undero0dthtinvidua]-ther- 
mocoup]es in the OEerentia] termopfle may be 
se]ected OE mteria-]s which wfl] o themse]ves 
perform the nctç Oï the thermal sh '6T 
and 8 m manner a]rdy set/for. in connection 
with F.9. 
Peference bas lready been ruade o the de- 
sirabfli of se!ectinE .a fiherma] shunt with the 
proper sn Tor h coecient of thermal con- 
ductivity. For example, Where the soiid heat- 
.condu¢tion paths forrne by thè .fhermoco]e 
e]m boh have temperature c.ocien f 
conductivity which areposftie .Sn, a thermal 
shot having a coecient of megaie .sn 
ordrily be indicated. Converse]y, AU a ther- 
mocoup]e such as c9pper-constanan, copper- 
ntimony or bismutha,ntmeny, the thermal 
shunt wi]] preferab]y be ruade of a materia] hav- 
ing a positive coecient of therl conducivity 
a-1]d t-hus may-be-ruade-of constntan , Chome], 
or e ]e. 
»hat.is.c]ed : . 50 
1. A temperature-responsive device compring 
at ,least .one thermocupte, means supperGng said 
thermocouple with its ht j:ction .:dposed for 
 application of heat theto, and  :thermal shunt 
electrically :sulted :fom_said hot junction :but 
thezmaly .intte]F .connected çthereto and 
forming. t .least one -het:cenductin th :r0m 
said .hot ,junction .fo he cld uncion of .sad 
the:mocouple. 60 
2. e cemblnation .set,.f0zth  c] 1 in 
which sd thermocouple  ,er Chzome] .and con- 
stantan e]ements azd the-themal SSt  of 
nickel 
3. The combition-set. ïoh in ,c]a 2.AU 
whi t Chreltaan .hmoco.uPles 
are forme of wie appr.omaty .02 ch in 
amet, and -flatte, an, ,the .hemal nt 
compres an element of nickel aing a cross 
section equa2 to tht 0f nickél .ize :0G5 .ch ïn 70 
diameter. 
4. The combaion set Ior in Cla-2 
which the Chr]-congtan. wires are re]a- 
tively smgl! about one. mil digmeter and :he 
thermal shunt consiSts 6f niCke] the cr0ss-sec- 

tional area being approximately four rimes the 
cross-sectional area of the condhctOrs of the 
.thermocouple. 
.5. À ler.mepile-compYising a central target, 
suppor.ing suc'ture .spaced there,from, 'af east 
th.ee thermal cendictivity paths extendng 
Vween said .tä,get .g.nd sail str.ucture, two Of said 
paçhs -inct-udoEng .a..ther:mòcouple hav:Lag its hot 
junctien therma]ly 0onnected  said target and 
ts-Cold j-unction hermaly Connected £o said sup- 
por.ting structure , a.se.id heat conelucto forming 
a thil path and having a heat conductivity 
eïïic:ient of sign: o.ip0site to hat of one of the 
païas :[Òrmed by-Ònè-o fhe w.ires .of the thermo- 
couple for compensation-due to .changes in 
ambient tem-pera:t!re / 
 6. A radiation .tyometer nclueling a dia- 
hram havi-ng an-opèning and a magnesium 
ox;de :coa:ting .on one face .of the diaphragm to 
 ender .more /lsibl .an image Of .the 'avea from 
w,hich radiation 'is :d.ireetéd t0 the .pometer. 
7: ,n an -instr-,umet efthe radiation pyrometer 
-t-ype, .a dia,phragm hving:an-opeing:a.nd a mag- 
nesium 0ide c5atihg 0ri a ace-of said diaphragm 
-te .tender -more Visible 'f.rem-an end-of the instru- 
me/ï oplOite .tha-t -receiving ralliant .energy in 
the infrarred 10ortion .of .he spectrum an image 
oft.hearea -frein Which radiation is directed to the 
ïnstrument.  
3. A hermopile cemprising thermocouple ele- 
nents joined.to for h0fju-ncions at predeter- 
moEnèd distances OEr0m Coid juntions, the cross- 
secional area md ]ei]gth of a't ]east one of said 
elements being sèlected so as "to-provide ]ow heat 
]oss and high sensiivity of Saidthermocouple and 
w.hich forms a iïg heat cÓnduct-ion .pàth whose 
thermal conductvïty.hangeS with change in 
anibienZ "temperaZure, a ïeast another element 
Of £heth'errnopfle being dmensioned as to area 
and length oEor. ghargé n its thermaï eonductiv- 
ity-in .a. direcion and to such an extent that the 
resu-ltant net change ïn-the fhermal conduction 
be:veen said hot juncVi0ns and .said cold junc- 
tions is controlled Au magnïtude and in sense to 
prsdue:withina .wi-dernge of ambient fempera- 
ture variation a v)]tage ouZput. ïrom sad thermo- 
prie whic'h ,does hot vary ith such changes in 
sid ambient emperture regardless of non- 
linearity of the curve of elctrom0tive force vs. 
temperature Ior he 'thermoelectric materials 
comprising said thermocouple. 
9. A thermopfle .comprising.thermocouple-oie- 
ments joined £o form ht /jùnCtions at prede- 
fermined distances .frorn the cold .junctions, the 
cross seckienal ra and .length. of, sid elements 
being, so _selected às fo ,pr/idè.he desired sensi- 
tiv]ty of .Said ,thm'moPfle, '£he hea't conduction 
.paths o-f said element han$ing-:in thermal con- 
.ductlvitywith hang.eïn arnlient temp.erture, a 
thermal.shUnt exendïng :bëween said iïot junc- 
tions and sgid C61d ]uncfons, said Shun being 
bf.mteroEal f0 c'hanse in :thermal conducivity in 
a direC?ion .ppos.]e to thgt f said thermocouple 
èlemenfs and dimenSiond aS to area and length 
for .change lu thermal .conduction :to sUch .an ex- 
tent fo comp.ensate for Çgd-change in said ther- 
mal conduction of sgid thCçmcpuple eements to 
produce suSstantï-lly constarit voltag.é 0utput 
from said bhermppfle..with cÓnstantïnput-thereto 
.for wide Changes-in said ainbient tempmature. 
10: Aheat-sensiçlve lemèn for measuring.ap- 
Paratus, sàiïl:è]ement.coprising.two regibns b0th 
varying :in fempergture .in cespnse fo variains 
n ambie/ aTperfiré -a i.piïral,ity 'of ahs- 
means ]0fwhch hetfi0Ws,f6m one to the other 
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of said regions, two of said paths being of solid 
heat-conducting material having a temperature 
coefficient such that both of said paths tend to 
conduct more heat with a fise in ambient tem- 
perature, and a third path for the interchange 
of heat between said two regions, the material of 
said thh'd path having a temperature coefficient 
such that said third path conducts less heat with 
a fise in ambient temperature, the dimensions of 
said third path being such that the net conduc- 
tion of heat by all of said plurality of paths is 
of such value that an electrical characteristic 
of said sensitive element is maintained substan- 
tially constant over a substantial range of am- 
bient temperature variation. 
11. A heat-sensitive element for measuring ap- 
paratus, said element comprising two regions both 
varying in temperature in response to variations 
in ambient temperature, a plurality of paths by 
means of which heat flows from one to the other 
of said regions, two of said paths being of solid 
heat-conducting material having a temperature 
coefficient such that both of said paths tend to 
conduct less heat with a fise in ambient tem- 
perature, and a third path for the interchange 
of heat between said two regions, the material 
of said third path having a temperature coeffi- 
cient such that said third path conducts more 
heat with a fise in ambient temperature, the di- 
mensions of said third path being such that the 
net conduction of heat by all of said plurality 
of paths is of such value that an electrical char- 
acteristic of said sensitive element is maintained 
substantially constant over a substantial range 
of ambient temperature variation. 
12. A heat-sensitive element for measuring 
paratus, said element comprising a heat-receiving 
region and a cooler region dispiaced from said 
heat-receiving region, both regions varying in 
temperature in response to variations in ambient 
temperature, a plurality of paths by means of 
which heat flows between said heat-receiving 
gion and said cooler region, two of said paths 
being of solid heat-conducting material having 
a temperature coefficient such that both of said 
paths tend to conduct more heat with a fise in 
ambient temperature, and a third path for the 
interchange of heat between said two regions, 
the material of said third path having a tempera- 
ture coefficient such that said third path con- 
ducts less heat with a fise in ambient retapera- 
tre'e, the dimensions of said third path being 
such that the net conduction of heat by all of 
said plurality of paths is of such value that 
electrical characteristic of said sensitive element 
is maintained substantially constant over a sub- 
stantial range of ambient temperattu'e variation. 
13. A heat-sensitive element for measuring aP- 
paratus, said element comprising two radiant 
energy receiving areas varying in temperature 
with variations in ambient temperature, a plu- 
rality of paths for heat to flow from one area 
to the other and to a source of reïerence tempera- 
ture common to all said paths including wires 
coacting with said receiving areas, some of said 
wires being of a material, the thermal conduc- 
tivity of which increases with a fise in ambient 
temperature, and other of said wires being of 
a material, the thermal conductivity of which 
decreases with a fise in ambient temperature, the 
dimensions of the heat path formed by said other 
of said wires being such that the net conduction 
of heat by all of said plurality of paths is of such 
values that an electrical characteristic of said 
sensitive element is maintained substantially con- 

-stant overa substantial range of ambienttem- 
perature variation. 
14. A heat-sensitive element for measuring ap- 
paratus, said element comprising two regions 
5 varying in temperature with change of ambient 
temperature, a plurality of solid conductive paths 
for heat to flow from one region to the other 
and to a source of reference temperature common 
to aH, some of said paths being of a solid material 
10 of size less than 5 mil diameter wire, the thermal 
conductivity of which increases with a fise in 
bient temperature, and other of said paths being 
of a material of size dLffering from said flrst- 
named paths, the thermal conductivity of which 
15 decreases with a fise in ambient temperature, the 
dimensions of the heat path £ormed by said other 
o£ said paths being such that the net conduction 
o£ heat by aH of said plurality of paths is o£ such 
value that an lectrical characteristic of said 
20 sensitive element is maintained substantially con- 
stant over a substantial range o£ ambient tem- 
perature variation. 
15. A heat-sensitive device of high sensitivity 
characterized by low loss o£ heat from a heat« 
25 receiving area to an adjacent support, comprising 
conductors extending between said area and said 
support to £orm heat-conduction paths including 
at least two paths £ormed o£ materials having 
dilïering thermoelectric power and connected to 
3O form a hot junction at said heat-receiving area 
and a cold junction at said support, said con- 
ductors having diameters small to minimize loss 
o£ heat through theh" solid heat conduction paths, 
heat also being lost other than through said solid 
35 conduction paths as through a radiation path, 
said paths being elïectively dimensioned to 
proximate equality between a rst ratio o£ the 
sum o2 the respective heat loss factors of all heat 
loss paths to the sum of the respective products 
4o o£ each of said heat loss factors and the respec- 
tive temperature coefficients o£ thermal conduc- 
tivity of each o£ said paths and a second ratio 
o£ a temperature-voltage constant A fo a tem- 
perature-voltage constant C, said constants A 
45 and C having values which satisïy the equation 
AV- (ACT) AT 
where 
AV=the voltage change for a small change in 
5o temperature, AT, and 
T=the ambient temperature above a re£erence 
levl. 
16. A heat-sensitive device o£ high sensitivity 
55 characterized by lo.w loss o£ heat from a heat- 
receiving area to an adjacent support, compris- 
ing conductors extending oetween said area and 
said support to form heat-conduction paths in- 
cluding at least two loaths formed oï materials 
60 having differing thermoelectric power and con- 
nected to form a hot junction at said heat-receiv- 
ing area and a cold junction at said support, 
said .conductors hving diameters small to mini- 
mize loss of heat through their solid heat con- 
65 duction paths, heat also being lost other than 
through said solid conduction paths as through a 
radiation path, said conductors being dimen- 
sioned to approximate equality between a flrst 
ratio of the sure of the respective heat loss 
70 tors of aH heat loss .paths to th.e sure of the re- 
spective products of each of said heat loss fac- 
tors and the respective temperature coefficients 
of thermal conductivity of each of said paths 
and a second ratio of a temperature-voltage con- 
75 stant A to a emperature-voltage constant C, 



said constants A and C havin values ,which sat- 
isfy the equation 
AV= (A÷CT) AT 
v/here 
AV=the voltage change for a srnall change in 
ternperature, AT, and 
r=the ambient tmperature above a reference 
level. 
17. A heat-sensitive device of high sensitivity 
characterized by low loss of heat frein a heat- 
receiving area te an adjacent support, compris- 
Lug conductors extendin bëtween said area and 
said support te forrn heat-conduction pths in- 
cluding ai least two paths formed of marials 
having differing thermoelectric oower and con- 
nected te forum a hot junction at said heat- 
receiving area and a cold junction at said stlp- 
port, said conductors having diameters small to 
minirnize loss of heat through their solid heat 
conduction paths, heat also being lest through a 
gaseous path and a radiation path, said paths 
being effectively dirnensioned te aploroximate 
equality .between a first ratio of .the sure of the 
respective heat loss factors of all of said heat 
loss paths te the sure of the respective products 
of each of said heat loss factors and th.e respec- 
tive te_mperature coefficients of thermal conduc- 
tivity of each of said paths and a second ratio of 
a tempeïature-voltage constant A te a tempera- 
ture-voltage .constant C, said constants A and C 
having values vhich satisfy the equation 
V= (A+CT) T 
where 
AV=the voltage change for a small change in 
temperature, AT, and 
T=the amïoient temperattu.e above a reference 
leveL 
18. A heat-sensitive device of high sensitivity 
characterized .'by low loss of heat frorn a heat- 
receiving area te an adjacent support, compris- 
ing conductors extending Detween said area and 
said support te ferre heat-conduction paths in- 
cluding at least two-paths OEormed of materials 
having temperature coefficients of .thermal con- 
ductivity of opposite .sign and having differing 
thermoelectric power and eonnected te ferre a 
hot junction at said heat-receiving area and a 
cotd junction at said support, sid conductors 
having diameters small te .minimize loss of heat 
through their solid heat-conduction paths, heat 
also 0eing lest other than through said solid con- 
duction paths as through a radiation path, sd 
.paths .ï0eing effectively dimensioned te approxi- 
mate equality etween a first ratio of the surn 
of the respective heat loss factors of all heat 
loss paths te the s%un of the respective products 
of each of said heat loss factors and the respec- 
tive temperature coefficients of thermal conduc- 
tivity of each of said paths and a second ratio of 
a temperature-voltage constant A te a temper- 
ature-voltage constant C, said constants A and C 
havin values which satisfy the equation 
AV ([ ÷CT) AT 
where 

receiving rea te an adjacent sugport, compris- 
ing ,conductors extendig befween said area and 
said support te ferre boat-conduction paths in- 
 cluding at least two paths formed of materials 
 having differing thermoelectric power and con- 
nected te forrn a hot junction at said heat- 
receiving area and a cold junction ai said sup- 
port and at least one additional heat-conduction 
pah ,electricatly insutated frein said junctions, 
l0 the .coefficient of at least one of said paths hav- 
ing a sign opposite te the sign of 'the temper- 
ature coefficient of at east one of the remain- 
ing lOaths of heat-c0nduction, said Conductors 
having diameters small te minirnize loss Of heat 
]5 throuh their solid heat-conduction pths, heat 
also being lest other than through said solid 
conduction paths as through a radiation path, 
said conductors being dimensioned te s/pproxi- 
mate equality Between a first ratio of the sure 
20 of the heat loss factors of each heat loss path 
t0 tbe surn of the respectiv prodzlc of each of 
said heat loss factors and the tmperature co 
efficients of thermal conductivity 0f each of said 
paths and a second ratio of a temperaturevolt- 
 ge .constant A te a temperature-voltage constant 
C, said constants A and C having values which 
satisfy the equation 
AV= (÷CT) T 
where 
30 
AV----the voltage change fer a small change in 
ternperaçure, T, and 
Tthe arnbient temperature above a refe»ence 
level. 
'.' 9.0. A heaf-sensitive device of high sensitivity 
 characterized by low Ioss of heat frein a heat- 
receiving area te an adjacent support, compris- 
ing ,conducors of .differing thermoelectric power 
40 eonnected te ferre a hot junction ai said heat- 
reciving area and a cold juntion ai ss/d sup- 
port, said conductors havîng diameçsrs srnall te 
minimize loss of heat through their solid heat 
conduction paths, heat also 0eing lest through a 
gaseous path and a radiation path, a conductor 
extending 0etween aid area and said support 
forrning a heaf-conduction path having a tem- 
perature .coefficient of thermal conductivity op- 
posite te ai least one of said first-named con- 
i ductors, said paths 0eing effectiely dimensioned 
te approxirnate equality etween a first ratio of 
the sure of the respective heat loss factors of 
all of said paths with respect te .the un of the 
respective products of the heat loss factors and 
the respective temperature coefficients of hermal 
 conductivity er each of said ,paths and a second 
ratio of a ternperature-oltage constant A te a 
temperafam, e-oltage constant C, said constants 
A and C having values which satisf.y the euation 
0 AV (-4-}-Cr) AT 
where 
AV----the voltage change for a small change in 
temperaure, AT, and 
T=the a'bient ternperature above a reference 
leveL 
21. A heat-sensitive device of high sensitivity 
characterized by low loss Of heat frein a heat- 

receiving area te n adjacent support, compris- 
V=the voltage change for a small change in 70 ing electrical conductors of differing .thermo- 
temperature, AT, and electric power ,connected te ferre a hot junction 
T=the arnbient temperature gbove a reference 
level. at said heat-receiving area and a cold junction 
ai said support, said conductors ,having diarne- 
19. A boat-sensitive .device of high-Sensitivity tors small te minimize .loss of .heat %hrough heir 
chracterized ,by 16W ldss of ht :rom a. lieät  solid heat ,conduction.paths, heat also being -lest 
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through a gaseous path and a radiation path, a 
thermal shunt comprising a heat conductor form- 
ing a heat-conduction path extending between 
said area and said support formed of a mate- 
rial having a ,coefficient of thermal conductivity 
of sign opposite to that of at least one of said 
conductors, said conductors and said shmt Deing 
effectively dimensioned to approximaçe equality 
]oetween a first ratio of the sure o.f the respective 
heat loss factors of all said paths .with respect 
to the sure of the respective produck of the heat 
loss factors and the respective temperature 
efficients of thermal conductivity of each of said 
paths and a second ratio of a temperature-voltage 
constant A to a temperature-voltge constant C, 
said .constants A and C having values which sat- 
isïy the equation 
AV= (A÷CT) AT 
where 
AV----the voltage change for a small change in 
temperature, AT, and 
T=the ambient temgerature above a reference 
level. 
9.9.. A heat-sensitive device of high sensitivitF 
characterized oy low loss of heat from a heat- 
receiving area to an adjacent support, compris- 
ing non-ferrous conductors extending between 
said area and said support to form heat-conduc- 
tion paths including at least two paths formed of 
materia]s having differing thermoelectric power 
and connected to form a hot junction at said 
heat-receiving area and a cold junction at said 
support, said conductors having diameters small 
to rninimize ioss of heat through their solid heat 
conduction paths, heat also oeing lost other than 
thro.ugh said solid .conduction paths as through a 
radiation path, said paths being effectively di- 
mensioned to approximate equality Detween a 
first ratio of the sure of the resgective heat loss 
factors of all heat loss paths to the sure of the 
respective prodncts of each of said heat loss fac- 
tors and the respective temperature coefficients 
of thermal conductivity of each of said paths and 
a second ratio of a temperature-voltage constant 
A to a temperature-voltage constant C, said con- 
stants A and C having values which satisfy the 
equation 
AV=(A÷CT) AT 
where 
AV=the voltage change for a small change in 
temperature, AT, and 
T----the ambient temperature bove a reïerence 
level. 
9.3. A heat-sensitive device of high sensitivity 
characterized by Iow loss of heat from a heat- 
receiving area to an adjacent support, comprising 
conductors extending .Detveen said area and said 
support to ïorm heat-conduction paths inclllding 
at least two oaths OEormed of materials havin 
differing thermoelectric power and connected to 
form a hot j.unction ai said heat-receiving area 
and a cold junction ai said support, at least one 
of said conductors Deing a ferrons metal, a ther- 
mal shunt extending Detween said hot junction 
target.area and said cold junction support, said 
conductors having diameters small fo minimize 
loss of heat through their solid heat-conduction 
paths and through said thermal shunt, heat 
also ïoeing lost other than through said solid 
conduction paths as through a radiation path, 
said paths and said thermal shunt Deing effec- 
tively dimensioned to approximate equality De- 

.tween a first ratio of the sure of the respective 
heat loss factors of all heat loss paths to £he 
sure of the respective products of each of said 
heat loss factors and the respective temperature 
5 coefficients of thermal conductivity of each of 
said paths and a second ratio of a temperature- 
voltage constant A to a temperature-voltage con- 
stant C, said constants A and C having values 
vhich satisfy the equation 
10 AV= (A÷CT) AT 
where 
AV=the voltage change for a small change in 
temperature, AT, and 
15 T=the arbient temperature bove a reference 
level. 
24. A temperature-responsive device compris- 
ing" at least one thermocouple, means supporting 
said thermocouple with its hot junction disposed 
20 for application of heat thereto, a thermal shunt 
electrically insulated from said hot junction but 
thermally intimately connected thereto and 
ÏOlTlling at least one heat-conduction path from 
said hot junction to the cold junction of said 
25 theîmocoup]e, a sub-housing forming an inclo- 
sure for said at !east one thermocouple and said 
thermal shunt, said sub-housing being formed 
of a material having high thermal conductivity, 
heat-conductive structure supporting the cold 
30 junctions of said thermocouple, said heat-con- 
ductive structure having projections of limited 
czoss-sectional area engaging said sub-housing 
for support therefrom to limit the heat-conduc- 
tion path therebetween, a main housing enclos- 
35 ing said sub-housing, and supporting structure 
carried by said main housing and having exten- 
sions of llmited cross-sectional area disposed in 
heat-conductive relation with said sulo-housing, 
the cross-sectional areas of said heat-conductive 
40 paths, the mass of said heat-conductive struc- 
ture and the thickness of said sub-housing be- 
ing selected for the same change in tempera- 
ture as the hot junctions and of the cold junc- 
tions as respectively affected by changes in ara- 
45 bient temperature. 
25. A temperature-responsive device compris- 
ing at least one thermocouple, means support- 
ing said thermocouple with its hot junction dis- 
posed for application of heat thereto, a thermal 
5O shunt electrically insulated from said hot junc- 
tion but thermally intimately connected there- 
to and forming at least one heat-conduction 
path ïrom said hot junction fo the cold junc- 
tion of said thermocouple, a sub-housing form- 
55 ing an enclosure for said ut least one thermo- 
couple and said thermal shunt, said sub-hous- 
ing being formed of a material having high 
thermal conductivity, heat-conductive struc- 
ture supPorting the cold junctions of said 
60 thermocouple, means supporting said structure 
in inwardly spaced symmetrical relation to suid 
inner housing, said heat-conductive structure 
having projections of limited cross-sectional 
area engaging said sub-housing for support 
65 therefrom to limit the heat-conduction path 
therebetween, a main housing enclosing said 
sub-housing and supporting structure carried 
by suid main housing and having extensions of 
limited cross-sectional area disposed in heat- 
70 conductive relation with said sub-housing, the 
cross-sectional areas of said heat-conductive 
paths, the mass of said heat-conductive struc- 
ture and the thickness of said sub-housing De- 
ing selected for the saine change in retapera- 
75 ture as the hot junctions and of the cold junc- 
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tions as respectively affected by changes in am- 
bient temperature. 
26. A temperature-responsive device compris- 
ing ai least one thermocouple, means support- 
ing said thermocoup]e with its hot junction dis- 
posed for application of heat thereto, a thermal 
shunt electrically insulated from said hot junc- 
tion but thermally intimately connected there- 
to and forming at least one heat-conduction 
path from said hot junction to the cold junc- 
tion of said thermocouple, a sub-housing form- 
ing an encosure for said at least one thermo- 
couple and said thermal shunt, said sub-hous- 
ing being formed of a material having high ther- 
mal conductivity, heat-conductive structure 
supporting the cold junctions of said thermo- 
couple, means supporting said structure in 
wardly spaced syrnmetrical relation to said 
ner housing comprising extensions of relatively 
small cross-sectional area extending radially of 
said in_ner housing, said heat-conductive struc- 
ture having projections of limited cross-sectional 
area engaging said sub-housing for support 
therefrom fo limit the heat-conduction 
therebetween, a main housing enclosing said sub- 
housing and supporting structure carried y said 
main housing and having extensions of limited 
cross-sectional area disposed in heat-conductive 
relation with said su,b-housing, the cross-sec- 
tional areas of said heat-conductive paths, the 
mass of said heat-conductive structure and the 
thickness of said sub-honsing being selected for 
the same change in temperature as the hot junc- 
tions and of the cold junctions as respectively 
affected .by changes in ambient temperature. 
27. A temperature-responsive device compris- 
ing at least one thermocouple having a hot junc- 
tion and a cold junction, means supporting said 
thermocouple with ifs hot junction disposed for 
application of radiant heat thereto and for con- 
trolling temperature of the hot junction and of 
the cold junction so that they change in like 
mariner with transient changes in ambient tem- 
perature comprising a sub-housing of good heat- 
conducting material surrounding said thermo- 
couple, and heat-conductive structure in large 
part spaced from said sub-housing for support- 
ing the hot junction Lu radiant energy-receiving 
relation to an opening through said sub-hous- 
ing, said heat-conductive structure having ex« 
tensions forming heat-conducting paths between 
it and said sub-housing, the dimensions and 
masses of said heat-conducting structure, said 
housing and of said extensions controlling the 
temperature changes of said cold junction in 
sponse to change in ambient temperature in like 
manner with change in temperature of said hot 
junction with change in ambient temperature. 
28. A temperature-responsive device comprising 
a group of thermocouples, a heat-conductive struc- 
ture, having an opening at the center, support- 
ing the hot junctions within the opening and 
supporting the cold junctions from said heat- 
conductive structure in good thermal relation 
therewith, a sub-housing of good heat-conduct- 
ing material enclosing said thermocouples and 
said structure, projections of limited area and of 
good heat conduction interconnecting said struc- 
ture and said housing, one wall of said sub-hous- 
ing having an opening for admission of energy 
to said hot junctions hrough a path avoiding 
said heat-conductive structure, the cross-sec- 
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tional areas of said extensions being selected with 
reference to the mass of said heat-conductive 
structure and with respect to the mass of said 
inner housing for regulation of the temperature 
5 change of said cold junction in manner corre- 
sponding with temperature change of said hot 
junctions due solely to change in ambient tem- 
perature. 
29. The combination set forth in claim 28 in 
10 which said wall comprises a diaphragm coated 
with magnesium oxide to tender more visible an 
image of the area from which radiation is di- 
rected to said thermocouples. 
30. In a radiant energy sensing device hav- 
15 ing a detector element tobe sighted upon a source 
of radiant inergy for measuring the intensity 
thereof, a diaphragm with an opening for pas- 
sage of radiant energy to a receiving area of said 
detector element, an optical means, including a 
20 window of heat-resistant material which passes 
radiant energy in the visible and in the infra- 
red portion of the spectrum, for projecting an 
image of said source toward said opening and 
upon said diaphragm, an image-receiving area of 
25 said diaphragm having a coating of magnesium 
oxide to enhance the visibflity of said image range 
for accurate sighting of said device. 
31. A heat-sensitive device comprising heat- 
receiving areas spaced one from the other, ther- 
30 mocouples connected in electrical opposition with 
the hot junctions thereof atone area and the 
cold junctions at the other area, and solid heat- 
conductive means interconnecting said target 
areas for interchange of heat, said heat-con- 
35 ductive means having a size and a temperature 
coefficient for controlling the interchange of heat 
between said areas to maintain unchanged the 
output from said thermocouples upon change only 
of ambient temperature. 
4o 32. An ambient temperature independent ther- 
mopfle comprising means to support a plurality 
of electrically conductive elements substantially 
parallel to each other, a plurality of other elec- 
trically conductive elements cormecting said first- 
45 mentioned elements to forma group of differ- 
entially cormected thermocouples with two dis- 
tinct groups of junctions, substantially sym- 
metrical target areas associated with each group 
of junctions and auxfliary solid heat-conducting 
5o means cormected between said areas and of size 
and temperature coecient rb control the inter- 
change of heat between said areas thermally to 
maintain unchanged the output from said group 
of thermocouples upon change only of ambient 
55 temperature. 
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